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One of the most intriguing sectors of the GaAs electronics device market is the supply of 
epitaxial wafers, or epiwafers, and on the occasion of the MANTECH we provide 
a short overview based on the forthcoming 2nd edition of the report "GaAs Electronic Materials 
& Devices - A Strategic Study of Markets, Technologies & Companies Worldwide" authored 
by Simon Lande of Magus Research and produced in association with III-Vs Review. 
The second edition is in preparation and will be published shortly. 
F 
ormation of active layers by 
epitaxial processes is providing 
prov ide several  advantages 
over ion implant leading to devices 
with superior operating characteris- 
tics and novel function. However, 
until recently the cost of epitaxy, 
MOVPE and MBE, has limited its use 
mainly to R&D and the production of 
small area devices, such as discrete 
FETs and HEMTs. Nevertheless, a
combination of increasing demands 
on device performance, and price 
reductions in epi-material enabled by 
multiwafer systems, has resulted in 
the expanded use of epitaxy for the 
manufacture of GaAs ICs. 
The three main types of epitaxial 
process presently favoured are: 
• Vapour phase epitaxy (VPE) 
• Metal organic vapour phase epitaxy 
(MOVPE) 
• Molecular beam epitaxy (MBE) 
Epitaxy continues to be widely 
used in R&D and over the last couple 
of years it has been increasingly 
taken up for GaAs device manufac- 
ture. Its role has expanded because 
of the growing demand for perfor- 
mance levels which can only be 
achieved through either heterostruc- 
ture or improved FET devices. More- 
over, the use of epitaxial processes in 
GaAs IC manufacture, especially for 
microwave and mmwave devices, is 
increasing. 
VPE, although still widely used in 
optoelectronics, has seen steadily 
reducing application in electronics. 
It is widely used by some manufac- 
turers to grow thick layer power 
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FETs and MMICs and has the advan- 
tage of being a low-cost, mature 
technology. However, the inability 
to grow AIGaAs heterostructures,  
and poor flexibility, limits its use in 
GaAs electronics. 
For MESFET devices, epitaxy offers 
abrupt doping transitions compared 
to ion implant, resulting in devices 
with improvements in pinch-off and 
other characteristics. MBE has been 
in production for discrete microwave 
devices, such as power  FETs, for 
many years. Recent advances in 
MOVPE have eroded this position to 
some extent. Particularly in Japan, 
the use of MOVPE is increasingly 
used for the production of power 
FETs. Production of discrete HEMTs, 
one of the biggest markets for MBE 
material, is also coming under in- 
creasing pressure from advances in 
MOVPE. 
For GaAs ICs, the main hetero- 
structure devices under considera- 
tion are HE, MTs, HBTs and HFETs. In 
particular, the pHEMT, or pseudo- 
morphic  HEMT, whereby  a thin 
InGaAs epilayer is grown between 
the AIGaAs and GaAs buffer, exhibits 
improved performance;  MBE has 
been the preferred technique for this 
device. Yet MOVPE presents a strong 
challenge and devices with noise and 
gain comparable to MBE have been 
demonstrated. 
In turn, MOVPE has dominated the 
HBT sector where the classical de- 
vice is also a GaAs/AIGaAs structure. 
This device requires a heavily-doped 
p-type base region and can be pro- 
duced by MBE using Be-dopant or by 
MOVPE using Zn. A major break- 
through a few years ago was the use 
of carbon as a dopant but this has 
recently been compromised by the 
banning of ozone-harming carbon 
tetrachloride which was used as the 
dopant source. 
MBE HBT work has focused on 
refining the use of Be. Essentially Be 
incorporation and diffusion can be 
controlled by using high As/Ga flux 
ratios and low substrate tempera- 
tures. High reliability HBTs with Be- 
base doping can be produced by 
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MBE, provided that growth condi- 
tions are properly optimised. But Be 
is highly toxic and alternatives are 
being sought. 
Both MBE and MOVPE are now 
examining alternative wide gap emit- 
ters, such as GaInP, in place of 
AIGaAs. GaInP offers improved cur- 
rent gain and improved stability over 
the GaAs/AIGaAs system, due to the 
elimination of oxygen contamination 
associated with using AI. It also 
simplifies fabrication, since many 
wet and dry etches are available with 
high se lect iv i ty  between GaAs 
and GaInP. 
Thus from a technical standpoint, 
MBE and MOVPE each have several 
advantages and drawbacks. From a 
cost perspective, they are equally 
finely balanced. MBE is traditionally 
perceived as more expensive, but the 
availability of multiwafer systems has 
almost eliminated the differential. For 
high volume runs there is no signifi- 
cant difference in price between 
MBE and MOVPE in the marketplace 
today. Both technologies typically 
offer products at prices ranging from 
5-8 times that of the SI substrate. 
Captive production is a character- 
istic of the MBE industry. As epi- 
based devices move out of R&D and 
into production, the role of merchant 
suppliers will increase. For MOVPE, 
captive production also dominates 
and the merchant  share is also 
expected to increase. 
In N. America, many vertically 
integrated foundries have internal 
MBE for R&D. Production capabilities 
in MBE include: TRW, Litton Solid 
State, H-P. In Japan, most leading 
suppliers of GaAs electronic devices 
have internal epi supply: either MBE 
or MOVPE or both, including Fujitsu, 
Mitsubishi Electric, I~IEC and Oki. 
Most of Europe's larger foundries 
such as GEC-Marconi, Siemens, 
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Thomson, and Daimler-Benz have 
captive epitaxy but production eeds 
are limited and often satisfied by 
merchant vendors. 
The main features of the merchant 
GaAs epiwafer market are as follows: 
• Epitaxy is gaining ground - it is 
quite well-established for discretes, 
but so far has barely made an 
impact on IC production, with a 
few exceptions. 
• Prices are still too high! 
• Reproducibility of wafers remains a 
key concern of users 
• MBE dominates production of elec- 
tronic devices - MOVPE domi- 
nates opto markets. MBE will 
likely continue to dominate to 
2000, with MOVPE used mainly 
for HBTs. 
Merchant MBE 
There are eight merchant epiwafer 
suppliers who rely on MBE processes. 
The market is dominated by two 
independent companies 
• Picogiga, Paris, France 
• QED, Bethlehem, PA, USA 
These companies together account 
for two-thirds of supply with Picogi- 
ga being the first to qualify it for 
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production status. Both companies 
have a worldwide presence and have 
achieved considerable penetration of 
the Japanese market. 
There are few other players; the 
most recent start-ups are: 
• TLC Precision Wafer Technology, 
Minneapolis, USA 
• MBE Technology, Singapore 
In Japan, as mentioned above, none of 
the vendors have much presence 
outside their domestic markets. The 
leading player in the market is 
Sumitomo Electric Industries, with 
Mitsubishi Kasei Corp. also active. 
Merchant MOVPE 
In N. America and Europe, Kopin is 
the dominant player and has a highly 
automated multi-wafer production 
facility set up as part of a computer- 
integrated manufacturing facility. 
Epitronics is the other main US 
supplier, although it does not have 
the production capability of Kopin. 
Spire is a major supplier of MOVPE 
reactors, but has less visibility in the 
epiwafer market. 
Several Japanese companies upply 
MOVPE epiwafers on the merchant 
market, of which the largest is 
Furukawa. Its 30% market share is 
almost entirely in Japan, and so far 
none of the Japanese vendors have 
made significant inroads into the USA 
or Europe. Other MOVPE vendors 
include Hitachi Cable, Mitsubishi 
Kasei and Sumitomo Electric. 
Europe has one merchant epiwafer 
supplier - Epitaxial Products Inter- 
national, Cardiff, Wales, UK, the pre- 
mier company in InP epiwafers and a 
leading supplier of opto epiwafers. 
For further information contact 
Jeremy Green at Elsevier Advanced 
Technology, tel~fax: [44] (0)1865 
843000/8439 71. E- mail: j.green@ 
elsevier, co. uk 
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